Introduction
We have previously shown [1] , by a combination of X-ray crystallography and 63 Cu NQR spectroscopy, that the 1:1 complexes formed between tri(o-tolyl)phosphine and the cuprous halides have dimeric halogenbridged structures with planar three-coordinated Cu(I) atoms analogous to those of tri(o-cyclohexyl)phosphine [2] rather than the tetrahedrally coordinated sites that are found in (Ph 3 PCuCl) 4 [3] or (Ph 3 PCuBr) 4 [4] , When the ratio of ligand to halide is increased, triphenylphosphine forms complexes such as (Ph 3 P) 3 CuX 2 [5, 6] , where both three and four-coordinated sites are present, and the three-coordinated (Ph 3 P) 2 CuX [7] . In all these complexes the 63 Cu NQR frequency permits a clear distinction between the three-coordinated and the four-coordinated Cu(I) sites [1, [8] [9] [10] . We report here the results of a similar study of the complexes of tris (o-methoxyphenyl)phosphine and of tri(p-tolyl)phosphine. 
Experimental

Preparations
X-Ray Crystallography
Single crystals of 2 were obtained by slow evaporation from dichloromethane solution. The cell parameters (from 22 reflections with (22° <2 0<29°) and diffracted intensities {-9<h<9, -11</:<11, 0</<12) were measured at room temperature on a STOE STADI4 diffractometer with graphite-monochromated Mo[Ka] radiation (A=0.71069 A). Two reference reflections, measured every 45 min, showed variations less than 2.8 <r(I).
0932-0784 / 98 / 0600-637 $ 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72027 Tübingen Data were corrected for Lorentz and polarization effects and for absorption by analytical integration [11] from the crystal shape. The structure was solved by direct methods using MULTAN 87 [12] ; all other calculations used XTAL [13] system and ORTEP [14] programs. Atomic scattering factors and anomalous dispersion terms were taken from [15] . All coordinates of the hydrogen atoms were observed and refined. A summary of crystal data.
intensity measurement and structure refinement is given in Table 1 . Final coordinates and selected geometrical parameters are reported in Tables 2 and 3, respectively. NQR NQR spectra were measured on a Decca super-regenerative spectrometer, frequencies being compared to har- 
Results and Discussion
X-Ray Crystallography
The [tri(o-methoxyphenyl)phosphine] 2 Cu 2 Br 2 structure ( Fig. 1) does not differ essentially from that of its tri(o-tolyl) analogues [1] . The molecule is located about a center of inversion. Consequently the Cu 2 Br 2 moiety is planar and, since the phosphorus atom is located in the same plane (deviation=0.09 A), the triphenylphosphine moieties are staggered (Figure 2 ). Contrary to the tri(o-tolyl) analogues, the co-ordination at the Cu (I) atom shows some distortions from a regular trigonal site: Both Cu-Br bonds differ by approximately 0.2 A and the P-Cu-Br bond angles by more than 24° (Table 3) . The three phenyl rings of the asymmetric unit form an almost regular propeller (angles between their mean planes and the Cu-Pdirection=45.7,49.9 and 51.1 All the o-methoxy substituents are oriented toward the inner space of the molecule with their methyl group trans relative to the carbon atom bonded to the phosphorus (torsion angles Table 4 shows the 63 Cu NQR frequencies of 1 to 4, measured at 77 K. In all cases 65 Cu frequencies were observed at a frequency equal to 0.925 times that of the cordence of these frequencies was observed in the range 77 K to room temperature. Except for 3, whose signals were weak and could only be detected at room-temperature, the resonances were observable over the whole temperature range and showed no discontinuities indicative of a phase-change. For these three compounds the temperature-dependence could be expressed as a quadratic:
NQR
responding 63 Cu resonance. The temperature-depen- Table 1 shows the coefficients of this equation, which are typical of other complexes of this type. The resonance frequencies of 1 and 2 fall in the same range as those of the corresponding complexes of tri(o-tolyl)phosphine and, as is almost always the case, the frequency of the chloride is higher than that of the bromide. However, although the molecular geometry of the Cu site in 2 is very similar to that of the tri(o-tolyl)-phosphine complex, the resonance frequency is 1.7 MHz lower. A possible explanation of this may reside in a weak interaction between the Cu(I) atom and the three oxygen atoms of the methoxy groups. These three atoms are arranged in an approximately equilateral triangle above the Cu(I) atom with Cu-0 distances of 3.017, 3.117 and 3.320 A respectively.
The molecular formulae of 3 and 4 suggest that their structures are analogous to those of (Ph 3 P) 3 CuX 2 [5, 6] and of tri(m-tolyl)phosphine [16] , with both three-and four-coordinated sites. The single resonance frequency of 3 and 4 is typical of a three-coordinated site and is very similar to that observed in the analogous triphenylphosphine complexes, and, as usual, the frequency of the chloride is higher than that of the bromide. We were unable to observe resonances typical of a four-coordinated site that we would have expected in the region of 14 MHz [9] , where, however, our spectrometer is less sensitive.
Conclusion
The crystal structure of 2 shows it to be a halogenbridged dimer with three-coordinated Cu(I) sites. The 63 Cu NQR frequency of 1 indicates that it too has a similar structure. The 63 Cu NQR frequencies of 3 and 4 are consistent with the dimeric structures observed for the analogous complexes of triphenylphosphine [9, 10] and tri-m-tolylphosphine [11] .
Supplementary Material
Complete Tables of atomic coordinates, displacement parameters, bond length, bond angles and torsion angles, least squares planes for compound 2 (5 pages) are available from the authors on request.
